Block spin transformation on the dual lattice and monopole action 
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To find a perfect iattice action in terms of monopole action on tlie dual lattice, we performed simulations 
of a monopole effective action obtained numerically from vacuum configurations in SU(2) QCD. Although the 
Polyakov loop behavior near Tc is well reproduced by the action, a small but repulsive term is needed in addition 
to get the string tension correctly. It is reported also a monopole effective action in SU (3) QCD which is expressed 
by one kind of monopole currents. 
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1. Introduction 

It has been found that confinement phenom- 
ena seem to be weU reproduced by abelian hnk 
fields alone in the maximally abelian (MA) gauge 
in SU(2) QCD [1-5]. The abelian dominance 
suggests the existence of an effective U(l) the- 
ory describing confinement. The purpose of this 
talk is to report our study toward a perfect lat- 
tice action in terms of abelian monopole currents 
on the dual lattice based on our standpoint that 
monopole condensation is the confinement mech- 
anism in QCD as suggested by 'tHooft[6] 

2. Monopole action for SU(2) QCD 

After the abelian projection, one can separate 
out abelian link fields u(s, ji) as 

U'{s,n) = V(s)U(s,i2)V''(s + ji) = c(s,i2)u(s,i2). 

The abelian dominance in MA gauge means that 
the set of operators composed of u(s, ji) alone 
are enough for explaining the essential features 
of confinement [4]. Then there must exist an ef- 
fective abelian action Sej / (m) describing confine- 
ment. The action is given by 

S,jj{u) = -ln( /i?ce-^("'=),5(A±)Af(«,c)), 



where = is the gauge-fixing condition 

and Ai?(M,c)) is the Fadeev-Popov determinant. 
However it was found that Seff(u) is not fixed to 
be local[4]. 



Shiba and one of the authors (T.S.)[7] have 
tried to determine a monopole effective action de- 
fined as[8] 

exp(— ^[A;]) = J Du6(k,u)ex'p(—Seffiu)), 

6{k,u) = 6{k^{s) - ^e^^p„d^mp„{s + jij). 

performing a dual transformation numerically. 
We have also considered extended monopoles 
defined on a sublattice with the spacing h = na[9]. 
This corresponds to making a block-spin transfor- 
mation on the dual lattice as seen from 



-S[k] 



n-1 



F(kf^(s)) = 2^ kf,(ns + (n 

i,j,l = 



l)fl + iv -I- j 'p -I- Icr). 



The effective monopole actions 5'-"-' for n = 
1 ~ 4 have been fixed successfully from the em- 
semble {A;^"''(s)} calculated from vacuum config- 
urations on 24"* lattice by extending the Swend- 
sen method[10]. The monopole action adopted 
is composed of various two-point current-current 
interactions S[k\ = fiSi[k\, the first of which 
is the self-coupling term Si[k'\ = 

The summary of the monopole action deter- 
mined in SU(2) is the following[7]: 
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1. A compact and local form of the monopole 
action is obtained. 

2. fi look volume independent. (S"* ~ 24"*) 

3. Monopole condensation is seen to occur for 
smaller /3 from energy-entropy balance. 

4. fi looks to depend only on & = na, not on 
the extendedness nor /3. There is a kind of 
scaling. 

5. If the scaling of 5'(A;^"-'(s)) remains true 
even on the cxd lattice, the SU(2) QCD vac- 
uum is always (for all /3) in the monopole 
condensed and then color confined phase. 

6. The SU(2) monopole action seems on or 
near to the renormalized trajectory of the 
block spin transformation as seen from the 
renormalization fiow in Fig. 1. 



3. Simulations of monopole action and the 
renormalized trajectory 

The renormalized trajectory must exist near 
the action obtained above. Let us search for 
the trajectory, performing simulations of the 
monopole action. First we adopt the following 
action: 
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Table 1 

Coupling constants for typical &(xlO~^A^^) 
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Figure 1. The /i — /2 cross section of the renor- 
malization fiow of the block-spin transformation 
on the dual lattice. 



D(s, s') = fl8s,s' + f26s + ii,s' + h^s + u,s' 
+ fA^s + ii + v,s' + f7j^s + v + p,s' + fe6s + 2fi,s', 

where the coupling constants are chosen to take 
the (approximate) values determined in [7] and 
are shown in Table 1. Our method of the simula- 
tion is the following: 

1. Cold start (all A;^(s) = 0) or hot start (ran- 
dom number). 

2. Consider a plaquette (s,iJ,,i>) on the dual 
lattice. 

3. Generate a random number K taking ±1. 

4. Change the monopole currents on the pla- 
quette (s, iJ,,i>) as 

kii{s + v)-K, ki,{s) - K 

This does not violate the current conserva- 
tion. 

5. Make the Metropolis selection. 
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6. Evaluate abelian Wilson loops, the string 
tension and the length of monopole loops. 

The method works well and we have obtained 
the following results: 

1. The thermalization is obtained rapidly ex- 
cept near the transition temperature. 

2. The action with quadratic interactions 
alone can reproduce the Polyakov loop be- 
havior. Namely, the Polyakov loop vanishes 
in the confinement phase, but begins to rise 
rapidly at the critical temperature where 
/i ~ 2.0 as seen from the original monopole 
action in T 7^ SU(2) QCD[11]. See Fig. 
2. 
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Figure 3. String tension versus lattice volume. 
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Figure 2. The Polyakov loop behavior from the 
simulation of the monopole action. 

3. It gives, however, a longer monopole loop 
and a larger string tension than expected. 
We may need a small term which gives a 
repulsive force between monopole currents 
in addition. As an example, we have added 
the following terms: 

/7EI^m(«)II^^(«)I + /8EI^m(«)|x 

\k^(s + i:i)\ + f9j2\k^(s)\\k^(s + iy)\ 

With a small value for /t ~ /g , we get a nice 
fit of the loop length and the string tension 
on small lattices. Finite-size effects are seen 
to be small. 



4. The length of the long loop and the value 
of the string tension are very sensitive to 
a change of the small parameters /y ~ 
/g. It is however very difficult to deter- 
mine correctly such small repulsive terms 
which make the monopole length adequate 
from the vacuum configurations, since the 
monopoles in the thermalized vacua have 
much the same length. 

4. Monopole action for SU(3) QCD 

How about the case of SU(3) QCD? There 
are two independent (three with one constraint 
Xlfci ^^(*) — 0) currents. When considering the 
two independent currents, their entropies are dif- 
ficult to evaluate. Hence let me first try to eval- 
uate the effective monopole action, paying atten- 
tion to only one monopole current. 

The monopole action in SU (3) QCD is ob- 
tained for l3 = 5.0 ~ 6.0[7]. Lattice sizes con- 
sidered are 8^ (for T = system) and 12^ x 4 (for 
T ^ system). Only the smallest monopole is 
taken into account as the first step. 

The results in the T = case are the following: 

1. Action is fixed in a local form: /i ^ /2 ~ 
/s > /4 ~ /s ~ /e 

2. It is very interesting to see that monopole 
condensation occurs at least for /3 < 5.6 
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as seen from energy-entropy balance. Note 
that the In 7 line shows the entropy per 
unit monopole length. This is the first re- 
sult showing the monopole condensation in 
5(7(3) QCD. 

3. The form of the monopole action is very 
similar to those of the SU(2) QCD and of 
the Wilson compact QED in the strong cou- 
pling region. 
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Figure 4. The effective monopole action in T = 
5(7(3) QCD. 

The action in the T ^ case is also fixed. Near 
the transition temperature, there are some dis- 
crepancies between cold and hot start monopole 
actions which correspond to the first order tran- 
sition. However, a clear hysteresis curve is not 
seen because the space extent of our lattice is too 
short. We are studying a larger lattice to see a 
clear signal of the first-order transition. To study 
the mechanism of the first-order transition, we 
have to analyse the behaviors and dynamics of 
three kinds of monopoles. 

5. Final remarks 

The foUowings are interesting subjects to be 
studied in near future. 



1. A block-spin transformation on the dual lat- 
tice considering extended monopoles is very 
interesting as in SU (2) QCD. Is the action a 
function of &(= na) alone as in SU(2) QCD? 

2. In the finite-temperature 5(7(3) QCD, we 
have to study especially the interplay of 
three kinds of monopoles in the role of the 
first-order transition. 

3. To get a monopole action in full 5(7(3) 
QCD with dynamical fermions is very im- 
portant to see the relation between chiral 
breaking and confinement. 
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